Infection with human immunodeficiency virus type 2 (HIV-2) occurs mainly in West Africa, but an increasing number of cases have been recognized in Europe, India, and the United States. In this era of global integration, clinicians must be aware of when to consider the diagnosis of HIV-2 infection and how to test for this virus. Although there is debate regarding when therapy should be initiated and which regimen should be chosen, recent trials have provided important information on treatment options for HIV-2 infection. In this review, we present information on recent clinical advances in our understanding of HIV-2 infection and highlight remaining diagnostic and therapeutic challenges.
Although human immunodeficiency virus type 1 (HIV-1)
infection is responsible for most of the global AIDS pandemic, HIV type 2 (HIV-2) is an important cause of disease in a number of regions of the world. HIV-2 was initially found in West Africa but has spread to other parts of Africa, Europe, India, and the United States. As a result, it is more important than ever to consider the diagnosis of HIV-2 infection and to test at-risk individuals or people in whom an HIV-1 western blot exhibits an unusual indeterminate result. Because quantitative HIV-2 RNA assays are not commercially available in the United States, infected patients are generally monitored by measurement of CD4 cell counts. When treatment is initiated, it is important to consider the fact that HIV-2 is intrinsically resistant to some commonly used classes of antiretroviral medications.
This review provides information on the epidemiology, diagnosis, and clinical manifestations of HIV-2 infection. In addition, we review the natural history of HIV-2 infection and how it may shed light on AIDS pathogenesis.
Finally, we conclude by examining treatment options for patients with HIV-2 infection and highlight challenges in improving care of infected patients.
EPIDEMIOLOGY
HIV-2 infection is predominantly found in West African nations, such as Guinea-Bissau, The Gambia, Senegal, Cape Verde, Cote d'Ivoire, Mali, Sierra Leone, and Nigeria. In the late 1980s, each of these countries had a reported prevalence of .1% of the national population [1] . An estimated 1 to 2 million people in West Africa are infected with HIV-2 [2] . However, in recent years, HIV-2 prevalence has been declining in several West African countries, particularly among younger people [3, 4] . For example, in a rural area of northwestern Guinea-Bissau, the HIV-2 prevalence dropped from 8.3% in 1990 to 4.7% in 2000; during the same period HIV-1 prevalence increased from 0.5% to 3.6% [5] . These trends may be related to the lower transmission efficiency of HIV-2 compared with HIV-1.
HIV-2 infection has also been reported in countries with historical and socio-economic ties to West Africa. For example, HIV-2 may have spread from Guinea-Bissau to Portugal during the war of independence [6] . HIV-2 has also been reported in former Portuguese colonies, such as Angola, Mozambique, and Brazil, and in parts of India with previous ties to Portugal, such as Goa and Maharashtra. In Portugal, HIV-2 is responsible for 4.5% of AIDS cases] [7] . In France, of 10,184 new HIV diagnoses between 2003 and 2006, 1.8% were infected by HIV-2 (1.6% HIV-2 monoinfection and 0.2% probable HIV-1/2 dual infections) [9] .
In the United States, the first case of HIV-2 infection was diagnosed in 1987 in a West African woman who presented with central nervous system toxoplasmosis [10] . Although the total number of known cases of HIV-2 in the U.S. is small, in New York City alone there have been 62 confirmed or probable cases of HIV-2 infection diagnosed and reported since the implementation of named HIV reporting in 2000 [8] . Moreover, given the large number of immigrants from HIV-2 endemic areas living in the U.S., it is clear that the current number of cases is higher than older estimates [1] [12] . In addition, large numbers of Nigerians and Sierra Leoneans have settled in East Coast states, particularly the Washington DC area [13] . The Chicago area is home to a substantial number of Ghanaians [14] . Therefore, health care professionals practicing in the United States should have a high index of suspicion for HIV-2 infection in immigrants from high-risk areas and their sexual partners, and a low threshold for HIV-2 testing in such individuals.
RISK FACTORS AND TRANSMISSION
The modes of transmission for HIV-2 are the same as those for HIV-1, namely sexual contact, blood-borne exposure (blood transfusion, shared needles), and perinatal transmission. However, HIV-2 has a lower infectivity than HIV-1. For example, in a prospective cohort of female sex workers in Senegal, heterosexual spread of HIV-2 was slower than that of HIV-1 [15] . Among a prospective cohort of women in Ivory Coast in the early 1990s, the rate of perinatal transmission of HIV-2 was 1.2% compared with 24.7% for HIV-1 (relative risk 21-fold lower for HIV-2) [16] . More recently, in a study in The Gambia, the mother-to-child transmission rate of HIV-2 was 4%, 6-fold lower than the HIV-1 transmission rate of 24.4% [17] . The lower infectivity of HIV-2 is likely related to lower RNA levels. For example, in the Gambian study, the geometric mean antenatal plasma viral load in HIV-2-positive women was 410 copies/mL, which was 37-fold lower than the viral load in HIV-1-infected women (15,100 copies/mL); after adjusting for viral load, the odds of HIV-2 transmission were similar to that of HIV-1 [17] .
NATURAL HISTORY
HIV-2 infection is notable for a longer asymptomatic phase and slower progression to AIDS than HIV-1 infection [18] [19] [20] . In a cohort of Senegalese female commercial sex workers, the probability of AIDS-free survival 5 years after seroconversion was 100% in the HIV-2-positive patients compared with only 67% for HIV-1-infected patients [19] . Furthermore, the rate of progression to AIDS in HIV-2-infected patients is highly variable. Whereas some HIV-2-infected patients develop advanced immunodeficiency and AIDS-related complications, similar to HIV-1-infected patients, others seem to have normal survival or progress much more slowly [21, 22] . Distinguishing patients who are likely to progress from those who may have a more indolent course is important for deciding how best to monitor HIV-2-infected patients.
In addition, HIV-2 infection is characterized by higher CD4 cell counts and lower viral RNA levels than that seen in HIV-1 infection [18, 20] . Viral loads are on average 28-fold lower in recent HIV-2-seroconvertors than in recent HIV-1-seroconvertors [23] . However, once advanced immunodeficiency develops, HIV-2-infected individuals have a high mortality: in a study from the Gambia, HIV-1-and HIV-2-infected patients with CD4 cell counts of ,200/mm 3 had a similarly high mortality rate [24] . Why the 2 viruses have distinct natural histories is not known, although differences in immune activation or viral proteins may play a role [25] [26] [27] [28] . Because HIV-2 seems to be a less virulent virus than HIV-1, there has been interest in the possibility that HIV-2 infection might protect against HIV-1 infection-a form of acquired immunity. A prospective study of Senegalese female commercial sex workers suggested HIV-2 offered protection against subsequent acquisition of HIV-1 [29] . Peripheral blood mononuclear cells from HIV-2-infected patients in this cohort were found to be resistant to in vitro infection by HIV-1, perhaps through a betachemokine-mediated mechanism [30] . However, other cohortbased studies have concluded that HIV-2 does not protect against acquisition of HIV-1 infection [31] [32] [33] [34] . Additional studies, including work on the mechanism of interaction between HIV-1 and HIV-2, may shed light on the controversy.
CLINICAL MANIFESTATIONS
As noted above, there is a prolonged asymptomatic phase among patients with HIV-2 infection. However, if patients do not receive treatment and their CD4 cell count declines, they develop illnesses similar to those seen in HIV-1 patients. For example, conditions such as tuberculosis, esophageal candidiasis, wasting syndrome, cerebral toxoplasmosis, disseminated Mycobacterium avium intracellulare, cryptococcosis, cryptosporidiosis, cytomegalovirus disease, Kaposi's sarcoma, AIDS dementia complex, recurrent bacterial pneumonia, and progressive multifocal leukoencephalopathy have been reported in HIV-2-infected patients [35] [36] [37] [38] . A study from The Gambia comparing HIV-1-and HIV-2-infected AIDS patients revealed similar patterns of AIDS-defining events, with wasting syndrome and pulmonary tuberculosis occurring most frequently [39] .
There have also been reports of other less common clinical manifestations of HIV-2 infection, including multiple cranial neuropathy [40] and non-immune thrombocytopenia in the setting of NK/T cell lymphoma [41] ; these complications may respond to antiretroviral therapy (ART). A case of demyelinating encephalitis, presenting with lesions of the optic nerves, spinal cord, and brain, was recently reported in an HIV-2-infected patient with a CD4 cell count of 30/mm 3 [42] . There is a suggestion that encephalitis might occur more frequently in patients with HIV-2 infection than in those with HIV-1 infection, although it is unclear if this finding is due to longer survival of HIV-2-infected patients, or because HIV-2 itself is more neurotropic [42] . Although HIV-associated nephropathy (HIVAN) occurs in about 7% of patients with HIV-1 infection [43] , this complication has been only rarely reported in HIV-2-infected individuals [44] .
TESTING AND DIAGNOSIS
The CDC recommends testing for HIV-2 infection in persons who are at risk based on exposure history, individuals with an illness that suggests HIV infection but whose HIV-1 test result is not positive, and people who have unusual HIV-1 western blot patterns (Figure 1 Figure 2 . There are currently no FDA-approved assays for quantification of HIV-2 RNA. Some HIV-1 RNA assays, such as the Roche AMPLICOR HIV-1 Monitor [46] and NucliSens EasyQ (version 1.1), may at times detect HIV-2 RNA. For example, in one study, the NucliSens detected HIV-2 in 34 (45%) of 75 specimens; no virus was detected in the other samples [47] . When HIV-2 RNA stock material was quantified by the NucliSens assay or by electron microscopy, the values were lower on the NucliSens assay [47] . These commercial HIV-1 assays are not approved for quantification of HIV-2 RNA, nor have they been validated according to current U.S. clinical laboratory regulations for testing clinical specimens. In addition, in one study only approximately 50% of HIV-2-infected patients had detectable HIV-2 RNA on reverse transcriptase polymerase chain reaction (PCR) testing; in patients with a detectable RNA, the median viral load was 1000 copies/mL [35] .
Because of the lack of a commercially-available test, HIV-2 RNA levels cannot generally be monitored in patients who are started on treatment. The development of an FDA-approved quantitative HIV-2 RNA test is needed to improve the care of HIV-2-infected patients in the U.S.
TREATMENT AND ANTIRETROVIRAL RESISTANCE

When to Start Treatment
The lack of large observational or randomized treatment studies in HIV-2-infected patients makes it difficult to be certain when therapy should be started. Given the poor CD4 cell count recovery following treatment initiation in many HIV-2-infected patients (see below), it is important to start therapy before advanced immunodeficiency develops. Although the most recent U.S. Department of Health and Human Services (DHHS) guidelines recommend HIV-1-infected patients with a CD4 cell count ,500/mm 3 should initiate therapy [48] , they do not specifically comment on when ART should be initiated in HIV-2-infected patients. The 2008 French guidelines recommend ART initiation for all symptomatic patients; for HIV-infected pregnant women (to prevent transmission to the infant); and for asymptomatic patients who have a CD4 cell count ,350/mm 3 . Furthermore, these guidelines suggest therapy should be considered when the CD4 cell count is ,500/mm 3 [49] . Once a decision has been made to treat HIV-2 infection, the next question is what medications to use. Both in vitro data and clinical trials information may help inform this decision.
In vitro Studies
NRTIs are active against HIV-2, but due to naturally occurring polymorphisms in reverse transcriptase, there may be variation in the potency of different agents [50] . Although some studies find that similar concentrations of NRTIs are needed to inhibit HIV-1 and HIV-2 replication, others find that higher concentrations of zidovudine are required to suppress HIV-2 [50] . In addition, the NRTI mutations M184V and Q151M were found in individuals in Burkina Faso who were reported to be treatment-naive, suggesting the possibility of naturally occurring polymorphisms or transmitted drug resistance [51, 52] .
Protease inhibitors (PI), although active against HIV-2, also show varying degrees of activity due to natural protease polymorphisms. Comparing the potency of different PIs against HIV-2 using kinetic inhibition assays, Brower et al [53] found that lopinavir, saquinavir, tipranavir, and darunavir were the most potent against HIV-2 protease. Desbois et al [54] found that saquinavir, lopinavir, and darunavir are potent inhibitors of HIV-2 isolates, whereas other protease inhibitors were less active in vitro. Given the possibility of reduced activity, the 2008 French guidelines state that atazanavir, fosamprenavir, and tipranavir should be used with caution in patients with HIV-2 infection [49] .
Because HIV-2 is intrinsically resistant to first-generation nonnucleoside reverse transcriptase inhibitors (NNRTIs) and the fusion inhibitor enfuvirtide [55] , these agents should not be used.
Among the newer antiretroviral agents, HIV-2 appears to be susceptible to the 2 integrase strand transferase inhibitors, raltegravir and elvitegravir [56] . Given the fact that HIV-2 can use several coreceptors-including CXCR4, CCR5, CCR1-5, GPR15, and CXCR6-to enter cells in vitro, the potency of the CCR5 antagonist maraviroc against HIV-2 is uncertain [50] .
Clinical Studies
A major limitation in our knowledge of how to treat HIV-2 infection is the absence of randomized treatment trials [2] . One reason for this dearth of information is because there are relatively few HIV-2-infected patients in the United States and Europe. In addition, because a large proportion of HIV-2-infected patients do not have detectable plasma viremia, this measure should not be the sole primary endpoint for HIV-2 treatment studies [57] .
Many of the published studies of HIV-2 treatment have been relatively small observational trials. The ANRS CO5 HIV-2 Cohort assessed treatment response in 29 HIV-2-infected patients starting lopinavir/ritonavir in combination with NRTIs [58] . Prior to treatment, the median CD4 cell count was 142 cells/mm 3 , and only 16 patients had a detectable HIV-2 RNA (in these individuals, the median viral load was 2189 copies/mL). The median increase in CD4 cell count after treatment initiation was 71 cells/mm 3 at week 24 (n 5 28) and 122 cells/mm 3 at week 48 (n 5 19). At week 24, 20 patients had an undetectable HIV-2 RNA, and 5 patients reportedly had virologic failure (the virologic status of the other patients is not specified).
Another observational study found that viral suppression may be achieved using a regimen of 2 NRTIs and ritonavir-boosted indinavir [59] . However, nelfinavir-containing regimens seem to have limited virologic benefit in HIV-2 -infected patients [60] .
What to Start
The World Health Organization (WHO) 2010 treatment guidelines state that a triple nucleoside regimen may be considered in patients with HIV-2 infection [61] . However, the guideline notes that there are concerns about the potency of a triple nucleoside regimen; for this reason many experts favor using 2 NRTI plus a ritonavir-boosted PI to treat HIV-2 infection. The U.S. Department of Health and Human Services HIV treatment guidelines suggest starting a boosted-PI regimen [48] but do not specify which drugs should be used. Based on in vitro and clinical trial information outlined above, ritonavirboosted lopinavir or darunavir is a reasonable choice for the PIcomponent [71] . Tenofovir plus either emtricitabine or Table 1 . Potential Initial Treatment Regimens for HIV-2 Infection Initial therapy for treatment-nai¨ve patients with HIV-2 infection should include a ritonavir-boosted protease inhibitor plus 2 nucleoside reverse transcriptase inhibitors unless drug resistance is detected or suspected. Therapy for drug-resistant HIV-2 infection must be individualized. lamivudine could be used as the NRTI-component of the regimen (Table 1) .
Monitoring of Treatment Response and HIV-2 Drug Resistance
Response to treatment is usually assessed using a composite of both immunologic and virologic criteria. Data from the ANRS CO5 HIV-2 Cohort Study Group showed lower than expected CD4 cell recovery in HIV-2-treated patients, despite the fact that most patients achieved virologic suppression [62] . The CD4 cell response to therapy in HIV-2-infected patients appears to be lower than the response in HIV-1-infected patients [63] .
Monitoring for drug resistance is difficult because assays are not commercially available; as a result, studies have used research assays. Descamps et al [64] noted a high frequency of Q151M and K65R mutations in NRTI-treated HIV-2-infected patients. (K65R has been also reported in patients with nonclade B HIV-1 infection failing first-line antiretroviral medications, including regimens that did not contain tenofovir [65] ). Integrase gene resistance mutations have been reported during treatment with raltegravir [66] . Emergence of multiclass drug resistance has also been detected: In a cohort of 23 patients in Senegal, Gottlieb et al [67] found a large proportion (30%) who developed multiclass drug resistance mutations (including M184V, Q151M, and multiple PI-associated mutations). Therapy for drug-resistant HIV-2 must be individualized and may include newer agents such as raltegravir [68] .
HIV-1/2 COINFECTION
In West Africa, 0.3%-1% of HIV-infected patients are estimated to be dually infected with both HIV-1 and HIV-2 [69] . The mortality rate in HIV-1/2 coinfected patients is similar to that of HIV-1 patients in all CD4 cell count strata [25] . Treatment failures have been noted in coinfected patients who were placed on HIV-1 targeted therapy and were later found to have HIV-2 that was resistant to the antiretroviral regimen [69, 70] . Treatment-naive coinfected patients should be treated with a ritonavir-boosted protease inhibitor plus 2 NRTIs. If treatment failure ensues, the resistance patterns of both viruses should be evaluated.
CONCLUSION
HIV-2 infection, originally discovered in West Africa, has now been found in many countries throughout the world; given widespread immigration to the United States and Europe, increased surveillance is warranted. Although HIV-2 is less pathogenic than HIV-1, some HIV-2-infected patients develop advanced immunodeficiency and AIDS-related conditions, which can lead to death. Little is known about optimal management of HIV-2 infection, and there is a need for randomized controlled trials to compare different antiretroviral treatment options. In addition, development of a commercial quantitative HIV-2 RNA test is a high priority so that the effectiveness of therapy can be appropriately monitored. Recent efforts to develop an international consortium to study HIV-2 infection and its management may result in improved care of HIV-2-infected patients [57] .
